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(57) ABSTRACT

A semiconductor system includes a data storage unit includ-
ing memory blocks, a circuit group and a control circuit,
wherein the memory blocks store data therein and are
arranged in a longitudinal direction and a vertical direction.
The circuit group is suitable for performing a program, read
or erase operation on the memory blocks, and the control
circuit controls the circuit group. A memory control unit is
suitable for controlling the data storage unit, wherein each of
the memory blocks includes a plurality of sub-memory
blocks. The sub-memory blocks arranged in the longitudinal
direction share bit lines and do not share word lines and
source lines. Further, the sub-memory arranged in the vertical
direction share the bit lines or the source lines.

20 Claims, 6 Drawing Sheets
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SEMICONDUCTOR SYSTEM AND METHOD
OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority of Korean patent
application number 10-2014-0012203, filed on Feb. 3, 2014,
the entire disclosure of which is incorporated herein by ref-
erence in its entirety.

BACKGROUND

A semiconductor memory device that includes cell strings
arranged in a longitudinal direction to a semiconductor sub-
strate may be referred to as a three-dimensional semiconduc-
tor memory device. For example, in a three-dimensional
semiconductor memory device, a source line may be arranged
over a semiconductor substrate; a source selection transistor,
a plurality of memory cells and a drain selection transistor
may be stacked over the source line; and a bit line may be
arranged over the drain selection transistor.

SUMMARY

An embodiment of the invention provides a semiconductor
system, which may include a data storage unit including
memory blocks, a circuit group and a control circuit. The
memory blocks store data therein and are arranged in a lon-
gitudinal direction and a vertical direction. The circuit group
is suitable for performing a program, read or erase operation
on the memory blocks, and the control circuit controls the
circuit group. A memory control unit is suitable for control-
ling the data storage unit, wherein each of the memory blocks
includes a plurality of sub-memory blocks, the sub-memory
blocks arranged in the longitudinal direction share bit lines
and do not share word lines and source lines. In addition, the
sub-memory blocks arranged in the vertical direction share
the bit lines or the source lines.

An embodiment of the invention provides a method of
operating a semiconductor system during an erase operation
of the semiconductor system including memory blocks
arranged in a longitudinal direction and a vertical direction
and including first sub-memory blocks and second sub-
memory blocks. The method may include increasing a volt-
age difference between a channel and memory cells of the
first sub-memory block of a selected memory block to erase
the memory cells included in the first sub-memory block of
the selected memory block. The method may also include
reducing a voltage difference between a channel and memory
cells of the second sub-memory block of the selected memory
block when the memory cells of the first sub-memory block
are erased to not erase the memory cells included in the
second sub-memory block of the selected memory.

In an embodiment of the invention, a semiconductor sys-
tem includes a plurality of memory blocks configured to store
data and be arranged in a longitudinal direction and a vertical
direction. Each of the plurality of memory blocks include a
plurality of sub-memory blocks in which the plurality of
sub-memory blocks configured in the longitudinal direction
share bit lines and do not share word lines and source lines.
Further, the plurality of sub-memory blocks configured in the
vertical direction share bit lines or source lines. The semicon-
ductor system also includes a memory control unit configured
to control the plurality of memory blocks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic block diagram illustrating a semicon-
ductor system according to an embodiment of the invention;
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2

FIG. 2 is a block diagram illustrating a data storage unit
shown in FIG. 1;

FIG. 3 is a three-dimensional diagram illustrating a
memory cell array shown in FIG. 2;

FIG. 4 is a detailed circuit diagram illustrating the configu-
ration of memory blocks according to an embodiment of the
invention;

FIG. 5 is a three-dimensional view illustrating memory
blocks arranged in a longitudinal direction according to an
embodiment of the invention;

FIG. 6 is a three-dimensional view illustrating the configu-
ration of memory blocks stacked in a vertical direction and an
erase operation according to an embodiment of the invention;

FIG. 7 is a three-dimensional view illustrating the configu-
ration of memory blocks stacked in a vertical direction and an
erase operation according to an embodiment of the invention;

FIG. 8 illustrates a block diagram of a system employing a
memory controller circuit in accordance with an embodiment
of the invention.

DETAILED DESCRIPTION

Various embodiments of the invention will be described
with reference to the accompanying figures in detail. How-
ever, the scope of the invention is not limited to the various
embodiments disclosed. Rather, the various embodiments are
provided for full disclosure of the invention and to transter the
spirit of the invention to those skilled in the art. The scope of
the invention should be understood as defined by the claims.
Throughout the disclosure, reference numerals correspond
directly to numbered parts in the various figures and embodi-
ments. It is also noted that in the specification, “connected/
coupled” refers to one component not only directly coupling
to another component. In addition, “connected/coupled” also
indirectly refers to coupling another component through an
intermediate component. In addition, a singular form may
include the plural form as long as it is not specifically men-
tioned. Since the plurality of memory blocks arranged in a
longitudinal direction and a vertical direction share bit lines
and a source line group, a reliability of'an erase operation may
be deteriorated and unnecessary power consumption may
occur. Various embodiments relate to a semiconductor system
capable of improving reliability of an erase operation and
reducing power consumption. Moreover, various embodi-
ments relate to dividing a selected memory block into two
sub-memory blocks and separately erasing the sub-memory
blocks, and a method of operating the same. According to the
invention, the reliability of an erase operation of a three-
dimensional semiconductor device may be improved, and
unnecessary power consumption may be reduced.

Referring to FIG. 1, a semiconductor system according to
an embodiment of the present invention is illustrated. The
semiconductor system 1000 may include a data storage unit
1100 that stores data and a memory control unit 1200 that
controls the data storage unit 1100. More specifically, when
the memory storage 1200 receives a command signal, the
memory storage 1200 may transfer an operation signal CMD
and an address ADD that corresponds to the command signal
to the data storage unit 1100. The data storage unit 1100 may
perform a program, read or erase operation in response to the
operation signal CMD and the address ADD. Further, the
memory storage 1200 may receive data DATA, output from
the data storage unit 1100, and also transfer the data DATA to
an exterior device or the like.

Referring to FIG. 2, a block diagram of the data storage unit
shown in FIG. 1 is illustrated. The data storage unit 1100 may
include a memory cell array 100 that stores data, a circuit



US 9,153,330 B2

3

group 200 that performs a program, read or erase operation.
The data storage unit 1100 may also include a control circuit
300 that controls the circuit group 200.

The memory cell array 100 and the circuit group 200 will
be described below.

The circuit group 200 may include a voltage generator 210,
a row decoder 220, a column decoder 230. The circuit group
200 may also include an input/output circuit 240.

The voltage generator 210 may generate voltages having a
plurality of levels in response to an operation signal. More
specifically, when an erase operation signal ERASE is
applied to the voltage generator 210, the voltage generator
210 may then generate erase voltages Veral and Veras2, an
erase permission voltage V,; ; and erase prohibition voltages
Vyurs and V5. The voltage generator 210 may generate
voltages applied to a drain selection line and a source selec-
tion line.

The row decoder 220 may transfer the voltages Veral,
Veras2,Vy;,, Vi, and Vo, o generated by the voltage gen-
erator 210 to lines coupled to a selected memory block of the
memory cell array 100 in response to a row address RADD.
For instance, the row decoder 220 may transfer the erase
voltages Veral and Veras2 to a source line group or bit lines.
The row decoder 220 may also transfer the erase permission
voltage V ;7 , to word lines of a selected sub-memory block in
the selected memory block. Further, the row decoder 220 may
transfer the erase prohibition voltages V;,; , and V 5, 5 to word
lines unselected memory blocks and of an unselected sub-
memory block.

The column decoder 230 may then exchange data through
bit lines BL in response to a column address CADD.

The input/output circuit 240 may transfer the externally
transferred data DATA to the column decoder 230. In the
alternative, the input/output circuit 240 may transfer the data
DATA, transferred from the column decoder 230, to the con-
trol circuit 300 to exterior.

The control circuit 300 may output various operating sig-
nals such as the erase operation signal ERASE, the row
address RADD and the column address CADD, in response to
the operation signal CMD and the address ADD. In an erase
operation, the control circuit 300 may erase a first sub-
memory block that is among sub-memory blocks included in
the selected memory block. The control circuit 300 may also
control the circuit group 200 to erase a second sub-memory
block.

The memory cell array 100 will be described below in
greater detail.

Referring to FIG. 3, a three-dimensional view of the
memory cell array shown in FIG. 2 is described. Moreover, it
is described as an example that a semiconductor substrate is in
aplane in atransverse direction X and a longitudinal direction
Y. More specifically, memory cell blocks MB11 to MB44
may be arranged in the longitudinal direction'Y and a vertical
direction Z. For instance, the memory blocks MB11 to MB14
may be arranged in the longitudinal direction Y, and memory
blocks MB11 to MB41, MB12 to MB42, MB13 to MB43 and
MB14 to MB44 may correspondingly be stacked in the ver-
tical direction Z.

Referring to FIG. 4 is a detailed circuit diagram illustrating
the configuration of memory blocks according to an embodi-
ment of the invention.

One of the plurality of memory blocks is described in detail
with reference to FIG. 4.

A memory block may include one or more sub-memory
blocks. For instance, the memory block MB11 may include a
first sub-memory block MBall and a second sub-memory
block MBb11. The first sub-memory block MBall and the
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second sub-memory block MBb11 may include a plurality of
cell strings. Further, the cell strings may be divided into cells
string groups in the longitudinal direction Y wherein the
memory blocks MB11 to MB14 are arranged. One of the cell
string groups may be defined as the first sub-memory block
MBall. In addition, another cell string group may be defined
as the second sub-memory block MBb11.

The cell strings may include drain selection transistors
DST, memory cells F1 to Fn and source selection transistors
SST electrically coupled in series between source lines SL
and bit lines BL11 to BL1%. The bit lines BL.11 to BL1% may
be electrically coupled to drains of the drain selection tran-
sistors DST. The source lines SL. may be electrically coupled
to sources of the source selection transistors SST. Gates ofthe
drain selection transistors DST may be electrically coupled to
drain selection lines DSL. Gates of the memory cells F1 to Fn
may be electrically coupled to word lines WL1 to WLn. Gates
of the source selection transistors SST may be electrically
coupled to source selection lines SSL.

The first and second sub-memory blocks MBall and
MBb11 are described below in further detail.

The first sub-memory block MBall may include a plural-
ity of cell strings arranged in the transverse direction X and
the longitudinal directionY. The bit lines BL.11 to BL14 may
be electrically coupled to the cell strings arranged in the
transverse direction X, and may be electrically coupled in
common to the drain selection line DSL, the word lines WL1
to WLn, the source selection line SSL and the source line SL.
The cell strings arranged in the longitudinal direction Y may
be electrically coupled in common to one of the bit lines BL.11
to BL14. In addition, the cell strings in the longitudinal direc-
tionY may be electrically coupled to one of the drain selection
lines DSL, the word lines WL1 to WLn, one of the source
selection lines SSL and the source lines SL.

In addition, memory cells that are included in the same
page may be electrically coupled to the same word line. For
instance, n-th memory cells Fn included in an n-th page of the
first sub-memory block MBall may be electrically coupled
in common to an n-th word line WLn. The n-th memory cells
Fn included in the n-th page, may include the n-th memory
cells Fn arranged in the transverse direction X. In addition,
the n-th memory cells Fn may also include the longitudinal
direction Y in the n-th page of the first sub-memory block
MBall. Word lines WL1 to WLn of the first sub-memory
block MBall may be grouped into a first word line group
WL_GRa. The source selection transistors SST in the first
sub-memory block MBall may be electrically coupled to the
same source line SL. For the ease or convenience of explana-
tion, the source lines SL. of the first sub-memory block
MBall may be grouped into a first source line group SLall.

The second sub-memory block MBb11 may also be con-
figured in a similar manner to the first sub-memory block
MBall. More specifically, the second sub-memory block
MBb11 may be configured to be adjacent to the first sub-
memory block MBall in the longitudinal direction Y. The
second sub-memory block MBb11 may include a plurality of
cell strings arranged in both the transverse direction X and the
longitudinal direction Y. The bit lines BL.11 to BL14£ may be
electrically coupled to the cell strings arranged in the trans-
verse direction X. The bit lines BL.11 and BL.14 may also be
electrically coupled in common to the drain selection line
DSL, the word lines WL1 to WLn, the source selection line
SSL and the source line SL. The cell strings arranged in the
longitudinal direction Y may be electrically coupled in com-
mon to one of the bit lines BL11 to BL1%, at least one of the
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drain selection lines DSL, the word lines WL1 to WLn, at
least one of the source selection lines SSL and the source lines
SL.

In addition, memory cells included in the same page may
be electrically coupled to the same word line. For instance,
n-th memory cells Fn, included in an n-th page of the second
sub-memory block MBb11, may be electrically coupled in
common to the n-th word line WLn. The n-th memory cells
Fn, included in the n-th page, may include the n-th memory
cells Fn that are arranged in the transverse direction X and the
longitudinal direction Y in the n-th page of the second sub-
memory block MBb11. Word lines WL1 to WLn of the sec-
ond sub-memory block MBb11 may be grouped in to a sec-
ond word line group WL_GRb. The source selection
transistors SST included in the second sub-memory block
MBDb11, may be electrically coupled to the same source selec-
tion line SSL. For the ease and convenience of explanation,
the source lines SL of the second sub-memory block MBb11
may be grouped into a second source line group SLb11.

The first and second sub-memory blocks MBall and
MBb11 may be configured to share the bitlines BL.11to BL.1%
and not share the source lines SL.. More specifically, the first
source line group SLall of the first sub-memory block
MBall may be separated from the second source line group
SLb11 of the second sub-memory block MBb11. As a result,
different voltages may be applied to the first source line group
SLal1l and the second source line group SLb11 of the selected
memory block MB11 at the same time.

In addition, the first word line group WI._GRa of the first
sub-memory block MBal1l may be configured to be separated
from the second word line group WL_GRD of the first word
line group WL_GRa. Therefore, different voltages may be
applied to the first word line group WL_GRa and the second
word line group WL_GRb of the selected memory block
simultaneously.

As described above, the sub-memory blocks may share bit
lines and may not share word lines with a source line group.

Referring to FIG. 5, a three-dimensional view illustrating
memory blocks arranged in a longitudinal direction accord-
ing to an embodiment of the invention is shown.

Memory cells arranged in the longitudinal direction Y may
be configured in substantially the same direction as each
other. For instance, memory blocks MB11 to MB14 arranged
in the longitudinal direction may include first sub-memory
blocks MBall, MBal2, MBal3 and MBal4 and second sub-
memory blocks MBb11, MBb12, MBb3 and MBb14 located
in the same plane. When the memory block MB11 and the
memory block MB12 are adjacent, the second sub-memory
block MBb11 of the memory block MB11 and the first sub-
memory block MBal2 of the memory block MB12 may be
adjacent. Therefore, when the memory block MB13 is adja-
cent to the memory block MB12, the second sub-memory
block MBb12 of the memory block MB12 and the first sub-
memory block MBal3 of the memory block MB13 may
similarly be adjacent. In this manner, the first sub-memory
blocks MBal3 and MBal4 and the second sub-memory
blocks MBb13 and MBb14, included in the memory block
MB13 and MB14, may be arranged.

Accordingly, during an erase operation, different voltages
may be applied to first and second word line groups coupled
to the first and second sub-memory blocks MBall to MBal4
and MBb11 to MBb14, respectively. In addition, different
voltages may also be applied to the first and second source
line groups.
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Referring to FIG. 6, a three-dimensional view illustrating
the configuration of memory blocks stacked in a vertical
direction and an erase operation according to an embodiment
of the invention is shown.

The memory blocks stacked in the vertical direction Z may
include the first and second sub-memory blocks MBall to
MBa41 and MBb11 to MBb41 as described above with ref-
erence to FIG. 5. However, the memory blocks stacked in the
vertical direction Z may be arranged so that the first second
sub-memory blocks MBall to MBa41 and the second sub-
memory blocks MBb11 to MBb41 may be arranged in alter-
nating positions. For instance, when the memory block MB21
is stacked over the memory block MB11, the first sub-
memory block MBa21 of the memory block MB21 may be
configured over the second sub-memory block MBb11 ofthe
memory block MB11. In addition, a second sub-memory
block MBb21 of the memory block MB21 may be arranged
over the first sub-memory block MBal1 of the memory block
MB11. When the memory block MB31 is stacked over the
memory block MB21, a first sub-memory block MBa31 of
the memory block MB31 may be configured over the second
sub-memory block MBb21 of the memory block MB21. A
second sub-memory block MBb31 of the memory block
MB31 may be configured over the first sub-memory block
MBa21 ofthe memory block MB21. When the memory block
MBA41 is stacked over the memory block MB31, a first sub-
memory block MBad41 of the memory block MB41 may be
configured over the second sub-memory block MBb31 ofthe
memory block MB31. A second sub-memory block MBb41
of'the memory block MB41 may be configured over the first
sub-memory block MBa31 of the memory block MB31.

In addition, memory blocks vertically stacked may share
bit lines or source line groups. For instance, when the memory
block MB21 is stacked over the memory block MB11, the bit
lines BL.11 to BL1%. may be configured between the memory
block MB11 and the memory block MB21. In addition, the
memory block MB11 and the memory block MB21 may
share the bit lines BLL11 to BL1% The source line groups
SLall and SLb11 may be electrically coupled to a lower
portion of the memory block MB11. Further, source line
groups SLa21 and SLb21 may be electrically coupled to an
upper portion of the memory block MB21. In substantially
the same manner, the memory block MB21 may be config-
ured to share the source line groups SLa21 and SLb21 with
the memory block MB31. In addition, the memory block
MB31 may share bit lines BL.21 to BL.2% with the memory
block MB41. Source line groups SLa31 and SLb31 may be
configured over the memory block MB41.

More specifically, word lines electrically coupled to the
first sub-memory blocks MBall, MBa21, MBa31 and
MBa41, among the memory blocks MB11 to MB41 stacked
in the vertical direction Z may be electrically coupled in
common to the first word line group WL_GRa. Word lines
electrically coupled to the second sub-memory blocks
MBb11, MBb21, MBb31 and MBb41 may be electrically
coupled in common to the second word line group WL_GRb.
The first word line group WL_GRa may be configured to be
separated from the second word line group WL_GRb. For
instance, n-th word lines electrically coupled to an n-th page
of the first sub-memory blocks MBall to MBa41 may be
electrically coupled in common to each other. Therefore,
when a first voltage is applied to the n-th word line of the first
word line group WL_GRa, the first voltage may be applied in
common to the n-th word lines electrically coupled to the first
sub-memory blocks MBall, MBa21, MBa31 and MBa41 of
the memory blocks MB11 to MB41 that are stacked in the
vertical direction Z. Since the second word line group
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WL_GRb is separated from the first word line group
WL_GRa, when the first voltage is applied to the n-th word
line of the first word line group WL_GRa, a second voltage
different from the first voltage may be applied to the n-th word
line of the second word line group WL_GRb.

An erase operation of the semiconductor system including
the memory blocks configured as described above according
to an embodiment is hereby described below.

8

lines SSL. may be floated. When the potential of the channel
increases to the first erase voltage Veral, memory cells of the
first sub-memory block MBa31 may then be erased by a
voltage difference of approximately 18V between the
memory cells and the channel.

Unselected (Un) Second Sub-Memory Block MBb31 of
Selected Memory Block MB31

TABLE 1
MBI11~MB41 MBI12~MB44
SLa31 Veras2 SLb31 Veras2 SL Veras2
MB41 MBb41 (Un) SSL Vsl2 MBa4l (Un) SSL Vsl2 MB42~MB44 SSL Vsl2
WL_GRb Vi, 0r Vs WL_GRa Vy;, WL Vo
DSL Vsl2 DSL Vsl2 DSL  Vsl2
BL Vera2 BL Veras2 BL Veras2
MB31 MBa3l (Sel) DSL Vsl2 MBb31 (Un) DSL Vsl2 MB32~MB34 DSL Vsl2
WL_GRa Vi, WL_GRb V00 Vs WL Vo
SSL Vsll SSL Vsl2 SSL Vsl2
SLa21 Veral SLb21 Veras2 SL Veras2
MB21 MBb21 (Un) SSL Vsll MBa2l (Un) SSL Vsl2 MB22~MB24 SSL  Vsl2
WL_GRb Vi, 0r Vs WL_GRa Vy;, WL Vo
DSL Vsl2 DSL Vsl2 DSL  Vsl2
BL Vera2 BL Veras2 BL Veras2
MB11 MBall (Un) DSL Vsl2 MBbl11 (Un) DSL Vsl2 MBI12~MB14 DSL Vsl2
WL_GRa Vi, WL_GRb V00 Vs WL Vo
SSL Vsl2 SSL Vsl2 SSL Vsl2
SLall Vera2 SLbl1 Veras2 SL Veras2

When first and second sub-memory blocks of the memory
blocks, stacked in the vertical direction Z, are configured in a
zigzag pattern, an erase operation of the first sub-memory
block MBa31 of the memory block MB31 is exemplified with
reference to [Table 1]. When the erase operation of the first
sub-memory block MBa31 is performed, voltages applied to
the sub-memory blocks MBall, MBb11, MBa21, MBb21,
MBa31, MBb31, MBa41 and MBb41 are described below in
detail.

Selected (Sel) First Sub-Memory Block MBa31 of
Selected Memory Block MB31

Afirst erase voltage Veral may be applied to the source line
group SLa21. A first turn-on voltage Vsll may be applied to
the source selection lines SSL. A first word line voltage V., ,
may be applied to the first word line group WL_GRa. A
second turn-on voltage Vsl2 may be applied to the drain
selection lines DSL. In addition, a second erase voltage Vera2
may be applied to the bit lines BL. The bit lines BL. may
include the bit lines BL11 to BL1%4and also the bit lines BL.21
to BL2k

The first erase voltage Veral may be 18V. The second erase
voltage Vera2 may be half of the first erase voltage Veral, i.e.,
or 9V. The first turn-on voltage Vsl1 may be 15V. The second
turn-on voltage Vs12 may be less than the first turn-on voltage
Vsll. For instance, the second turn-on voltage Vsl2 may be
approximately 2V lower than the second erase voltage Vera2,
i.e., 7V. The first word line voltage V ;1 may be approxi-
mately OV. Here, 0V may refer to a ground voltage or the like.

When the first erase voltage Veral is applied to the source
line group SLa21, the first turn-on voltage Vsll is applied to
the source selection lines SSL. In addition, the first word line
voltage V5, , is applied to the first word line group WL_GRa,
and an erase voltage may be applied to a channel of the first
sub-memory block MBa31. The second turn-on voltage Vsl2
lower than the second erase voltage Vera2 may be applied to
the drain selection lines DSL. Further, the second erase volt-
age Vera2 may be applied to the bit lines BL so that the drain
selection transistors DST, shown in FIG. 4, may be turned off.
If a potential of the channel increases, the source selection
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The second erase voltage Vera2 may be applied to the
source line group SLb21 and the bit lines BL.. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,,, or V,; may be
applied to the second word line group WL_GRb.

The second erase voltage Vera2 may be half of the first
erase voltage Veral, i.e., 9V. The first turn-on voltage Vsl
may be approximately 15V. The second turn-on voltage VsI2
may be approximately 2V lower than the second erase voltage
Vera2,i.e., 7V. The second word line voltage V ;, , may be 9V
and the same as the second erase voltage Vera2. The third
word line voltage V;; ; may be 18V which is and accordingly
the same as the first erase voltage Veral.

When the second erase voltage Vera2 is applied to the
source line group SLb21 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. In addition, the second
or third word line voltage V;,;, or V ;5 is applied to the
second word line group WL_GRD. Further, the second erase
voltage Vera2 may be applied to a channel of the second
sub-memory block MBb31. Since the second or third word
line voltage V,;, or V5,5 is applied to the channel of the
second word line group WL_GRb, no voltage difference may
occur between the memory cells and the channel as a result.
Therefore, memory cells of the second sub-memory block
MBDb31 may not be erased accordingly.

For instance, when the second word line voltage V,,, of
9V is applied to the second word line group WL_GRb, the
memory cells may not be erased since no voltage difference
occurs between the memory cells and the channel. No voltage
difference may occur even when a potential of the channel is
increased to approximately 9V by the second erase voltage
Vera2 applied from the source line group SLa21 and the bit
lines BL. When the third word line voltage V,, , of approxi-
mately 18V is applied to the second word line group
WL_GRb, and the potential of the channel is increased to
approximately 9V by the second erase voltage Vera2, a volt-
age difference of approximately 9V may occur between the
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memory cells and the channel. However, the voltage differ-
ence of approximately 9V may then not cause the memory
cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines B and the source
line group SLb21 of the unselected second sub-memory
block MBb31, power consumption may then be reduced
accordingly.

Unselected (Un) First Sub-Memory Block MBall Unse-
lected Memory Block MB11

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V;,;, may be applied to the first word
line group WL_GRa.

More specifically, the second erase voltage Vera2 may be
approximately half of the first erase voltage Veral, i.e., 9V.
The second turn-on voltage Vsl2 may be approximately 2V
lower than the second erase voltage Vera2, i.e., or 7V. The first
word line voltage V;,,1 may be approximately OV. The first
word line voltage V5, ; may be approximately OV. Here, OV
may refer to a ground voltage or the like.

When the second erase voltage Vera2 is applied to the
source line group SLa21 and the bit lines BL, the second
turn-on voltage Vsl2 is then applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V;;, is applied to the first word line
group WL_GRa. Further, the second erase voltage Vera2 may
be applied to a channel of the first sub-memory block MBall.
Since the first word line voltage V;;, is applied to the first
word line group WL_GRa, a voltage difference of approxi-
mately 9V may occur between the memory cells and the
channel as a result. However, the voltage difference of
approximately 9V may then not cause the memory cells to be
erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLall of the unselected first sub-memory
block MBal1l, power consumption may be reduced during the
erase operation as a result.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLall of the unselected first sub-memory
block MBal1l, power consumption may be reduced during the
erase operation accordingly.

Unselected (Un) Second Sub-Memory Block MBb11 of
Unselected Memory Block MB11

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. Further, the
second or third word line voltage V,;;, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
approximately half of the first erase voltage Veral, i.e., 9V.
The second turn-on voltage Vsl2 may be approximately 2V
lower than the second erase voltage Vera2, i.e., or 7V. The
second word line voltage V;; , may be 9V or the same as the
second erase voltage Vera2. The third word line voltage V5, 5
may be 18V or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel. However, the voltage dif-
ference of approximately 9V may then not cause the memory
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cells to be erased. When the third word line voltage V;; 5 of
18V is applied to the second word line group WL_GRb, since
no voltage difference occurs between the memory cells and
the channel, the memory cells may not be erased. Moreover,
the memory cells may not be erased even when the potential
of the channel increases to approximately 18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLb11 of the unselected second sub-
memory block MBb11, power consumption may be reduced
during the erase operation as a result.

Unselected (Un) Second Sub-Memory Block MBb21 of
Unselected Memory Block MB21

The unselected second sub-memory block MBb21 and the
selected first sub-memory block MBa31 may be configured to
share the source line group SLa21. Therefore, the first turn-on
voltage Vsl1 may also be applied to the source selection lines
SSL of the unselected second sub-memory block MBb21. As
a result, since the first erase voltage Veral may be applied to
the channel of the second sub-memory block MBb21, the
memory cells may not be erased by applying the second or
third word line voltage V5, , or V5, 5 to the second word line
group WL_GRb. The second turn-on voltage Vsl2 may be
applied to the drain selection lines DSL. In addition, the
second erase voltage Vera2 may be applied to the bit lines BL..

More specifically, the first turn-on voltage Vsll may be
approximately 15V. The first erase voltage Veral may be
approximately 18V. The second word line voltage V;,, , may
be 9V or the same as the second erase voltage Vera2. The third
word line voltage V;; ; may be 18V or the same as the first
erase voltage Veral. The second turn-on voltage Vsl2 may be
approximately 2V lower than the second erase voltage Vera2,
ie., 7V.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel as a result. However, the
voltage difference of approximately 9V may then not cause
the memory cells to be erased. When the third word line
voltage V ;5 of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased. Moreover, the memory cells may not be erased even
when the potential of the channel increases to approximately
18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the unselected second sub-
memory block MBb21 and the bit lines BL,, power consump-
tion may be reduced during the erase operation accordingly.

Unselected (Un) First Sub-Memory Block MBa21 of
Unselected Memory Block MB21

The second erase voltage Vera2 may be applied to the
source line group SLb21 and the bit lines BL.. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V;,; , may be applied to the first word
line group WL_GRa.

More specifically, the second erase voltage Vera2 may be
approximately half of the first erase voltage Veral, i.e., 9V.
The second turn-on voltage Vsl2 may be approximately 2V
lower than the second erase voltage Vera2, or i.e. 7V. The first
word line voltage V,;, 1 may be approximately OV. Here, 0V
may refer to a ground voltage or the like.

When the second erase voltage Vera2 is applied to the
source line group SLb21 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines



US 9,153,330 B2

11

SSL and the drain selection lines DSL. In addition, the first
word line voltage V7, is applied to the first word line group
WL_GRa, the second erase voltage Vera2 may be applied to
achannel of the second sub-memory block MBb31. Since the
first word line voltage V;;, is applied to the first word line
group WL_GRa, a voltage difference of approximately 9V
may occur between the memory cells and the channel as a
result. However, the voltage difference of approximately 9V
may then not cause the memory cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines B and the source
line group SLb21 of the unselected first sub-memory block
MBa21, power consumption may be reduced accordingly.

Unselected (Un) Second Sub-Memory Block MBb41 of
Unselected Memory Block MB41

The second erase voltage Vera2 may be applied to the
source line group SLa31 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,;;, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
approximately half of the first erase voltage Veral, i.e., 9V.
The second turn-on voltage Vsl2 may be approximately 2V
lower than the second erase voltage Vera2, or i.e., 7V. The
second word line voltage V;; , may be 9V or the same as the
second erase voltage Vera2. The third word line voltage V5, 5
may be 18V or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel as a result. However, the
voltage difference of approximately 9V may then not cause
the memory cells to be erased. When the third word line
voltage V ;5 of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased. The memory cells may not be erased even when the
potential of the channel increases to approximately 18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLa31 of the unselected second sub-
memory block MBb41, power consumption may be reduced
during the erase operation as a result.

Unselected (Un) First Sub-Memory Block MBa4l of
Unselected Memory Block MB41

The second erase voltage Vera2 may be applied to the
source line group SLb31 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V;,;, may be applied to the first word
line group WL_GRa.

More specifically, the second erase voltage Vera2 may be
approximately half of the first erase voltage Veral, i.e., 9V.
The second turn-on voltage Vsl2 may be approximately 2V
lower than the second erase voltage Vera2, ori.e. 7V. The first
word line voltage V5,1 may be approximately OV. The first
word line voltage V5, ; may be approximately OV. Here, OV
may refer to a ground voltage.

When the second erase voltage Vera2 is applied to the
source line group SLb31 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. In addition, the first
word line voltage V5, | is applied to the first word line group
WL_GRa. Further, the second erase voltage Vera2 may be
applied to a channel of the first sub-memory block MBa41.
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Since the first word line voltage V;; , is applied to the second
word line group WL_GRb, a voltage difference of approxi-
mately 9V may occur between the memory cells and the
channel. However, the voltage difference of approximately
9V may then not cause the memory cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLb31 of the unselected first sub-memory
block MBa41, power consumption may be reduced during the
erase operation as a result.

Unselected Memory Blocks MB12 to MN44

The second erase voltage Vera2 may be applied to the
source lines SL and the bit lines BL electrically coupled to the
first and second sub-memory blocks of the unselected
memory blocks MB12 to MN44. The second turn-on voltage
V51, may then be applied to the source selection lines SSL
and the drain selection lines DSL. The second word line
voltage V,; , may be applied to the word lines WL. Since the
second word line voltage has the same level as the second
erase voltage Vera2, no voltage difference may occur between
memory cells and the channel of the unselected memory
blocks MB12 to MN44 as a result. Accordingly, the memory
cells may not be erased.

When an erase operation is performed on the first sub-
memory block MBa31 of the selected memory block MB31,
the first word line voltage V5, | may be applied in common to
the first word line group WL._GRa electrically coupled to the
first sub-memory blocks MBall, MBa21, MBa31 and
MBa41 of the memory blocks stacked in the vertical direction
Z, including the selected memory block MB31. In addition,
the second or third word line voltage V;;, or V,,, ; may be
applied in common to the second word line group WL_GRb
electrically coupled to the second sub-memory blocks
MBb11, MBb21, MBb31 and MBb41.

Since different erase voltages may be applied to the source
line group SLa21 of the first sub-memory block MBa31 and
the source line group SLb21 of the second sub-memory block
MBDb31, a surge in power consumption may be prevented as a
result.

Referring to FIG. 7, a three-dimensional view illustrating
the configuration and an erase operation of memory blocks
stacked in a vertical direction according to an embodiment of
the invention is illustrated.

The memory blocks MB11, MB21, MB31 and MB41,
stacked in the vertical direction Z, may include the first and
second sub-memory blocks MBall to MBa41 and MBb11 to
MBb41 as illustrated in FIG. 5. However, the first and second
sub-memory blocks MBal1 to MBa41 and MBb11 to MBb41
of'the memory blocks MB11, MB21, MB31 and MB41 may
be stacked in the same vertical columns. For instance, when
the memory block MB21 is stacked over the memory block
MB11, the first sub-memory block MBa21 of the memory
block MB21 may be configured over the first sub-memory
block MBal1l of the memory block MB11. In addition, the
second sub-memory block MBb21 of the memory block
MB21 may be configured over the second sub-memory block
MBb11 of the memory block MB11. When the memory block
MB31 is stacked over the memory block MB21, the first
sub-memory block MBa31 of the memory block MB31 may
be configured over the first sub-memory block MBa21 of the
memory block MB21. Further, the second sub-memory block
MBDb31 of the memory block MB31 may be arranged over the
second sub-memory block MBb21 of the memory block
MB21. When the memory block MB41 is stacked over the
memory block MB31, the first sub-memory block MBa41 of
the memory block MB41 may be configured over the first
sub-memory block MBa31 of the memory block MB31. In
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addition, the second sub-memory block MBb41 of the
memory block MB41 may be arranged over the second sub-
memory block MBb31 of the memory block MB31.

In addition, memory blocks stacked in a vertical direction
may be configured to share bit lines or source line groups. For
instance, when the memory block MB21 is stacked over the
memory block MB11, the bit lines BL.11 to BL1% may be
configured between the memory block MB11 and the
memory block MB21. In addition, the memory block MB11
and the memory block MB21 may share the bit lines BL.11 to
BL1%. In this instance, the source line groups SLall and
SLb11 may be electrically coupled to a lower portion of the
memory block MB11. In addition, the source line groups
SLa21 and SL.b21 may be electrically coupled to an upper
portion of the memory block MB21. In the same manner, the
memory block MB21 may share the source line groups SLa21
and SLb21 with the memory block MB31. Further, the
memory block MB31 may share the bit lines BL.21 to BL.2%
with the memory block MB41. The source line groups SLa31
and SLb31 may be configured over the memory block MB41.

More specifically, word lines electrically coupled to the
first sub-memory blocks MBall, MBa21, MBa31 and
MBa41, among the memory blocks MB11 to MB41 stacked
in the vertical direction Z, may be electrically coupled in
common to the first word line group WL_GRa. Word lines
electrically coupled to the second sub-memory blocks
MBb11, MBb21, MBb31 and MBb41 may be electrically
coupled in common to the second word line group WL_GRb.
The first word line group WI,_GRa may be separated from the
second word line group WL_GRb. For instance, n-th word
lines electrically coupled to an n-th page of the first sub-
memory blocks MBall to MBa4l may be electrically
coupled in common. Therefore, when a first voltage is applied
to the n-th word line of the first word line group WL_GRa, the
first voltage may be then applied in common to the n-th word
lines. The n-th word lines are electrically coupled to the first
sub-memory blocks MBall, MBa21, MBa31 and MBa41 of
the memory blocks MB11 to MB41 stacked in the vertical
direction Z. Since the second word line group WL_GRbD is
separated from the first word line group WL_GRa, when the
first voltage is applied to the n-th word line of the first word
line group WL_GRa, a second voltage different from the first
voltage may be applied to the n-th word line of the second
word line group WL_GRb.

An erase operation of the semiconductor system including
the memory blocks configured as described above according
to an embodiment is described below.
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When first and second sub-memory blocks of memory
blocks stacked in the vertical direction Z are arranged in the
same vertical columns, an erase operation of the first sub-
memory block MBa31 of the memory block MB31 is exem-
plified with reference to [ Table 2]. When the erase operation
of'the first sub-memory block MBa31 is performed, voltages
applied to the sub-memory blocks MBall, MBb11, MBa21,
MBb21, MBa31, MBb31, MBa41 and MBb41 are described
below.

Selected (Sel) First Sub-Memory Block MBa31 of
Selected Memory Block MB31

The first erase voltage Veral may be applied to the source
line group SLa21. The first turn-on voltage Vsl1 is applied to
the source selection lines SSL. The first word line voltage
V iz, may be applied to the first word line group WL_GRa.
The second turn-on voltage Vsl12 may be applied to the drain
selection lines DSL. In addition, the second erase voltage
Vera2 may be applied to the bit lines BL. The bit lines BL. may
include the bit lines BL11 to BL1% and the bit lines BL21 to
BL2%.

More specifically, the first erase voltage Veral may be
approximately 18V. The second erase voltage Vera2 may be
approximately half of the first erase voltage Veral, i.e., 9V.
The first turn-on voltage Vsl1 may be approximately 15V. The
second turn-on voltage Vsl2 may be lower than the first turn-
onvoltage Vsll. For instance, the second turn-on voltage Vs12
may be approximately 2V lower than the second erase voltage
Vera2, ori.e., 7V. The first word line voltage V5, 1 may be OV.
Here, OV may refer to a ground voltage or the like.

When the first erase voltage Veral is applied to the source
line group SLa21, the first turn-on voltage Vsl1 is applied to
the source selection lines SSL. In addition, the first word line
voltage V5, , is applied to the first word line group WL_GRa.
Further, an erase voltage may be applied to a channel of the
first sub-memory block MBa31. The second turn-on voltage
Vsl2 lower than the second erase voltage Vera2 may be
applied to the drain selection lines DSL. The second erase
voltage Vera2 may be applied to the bit lines BL so that the
drain selection transistors DST, shown in FIG. 4, may be
turned off. When a potential of the channel increases, the
source selection lines SSL may be floated. When the potential
of the channel increases to the first erase voltage Veral, the
memory cells of the first sub-memory block MBa31 may be
erased by a voltage difference of approximately 18V between
the memory cells and the channel.

Unselected (Un) Second Sub-Memory Block MBb31 of
Selected Memory Block MB31

TABLE 2
MBI11~MB41

SLa31 Vera2 SLb31 Vera2

MB41 MBa4l (Un) SSL Vsl2 MBb41 (Un) SSL Vsl2
WL_GRa Vi, WL_GRb Vi, 0r Vi,
DSL Vsl2 DSL Vsl2
BL Vera2 BL Vera2

MB31 MBa3l (Sel) DSL Vsl2 MBb31 (Un) DSL Vsl2
WL_GRa Vi, WL_GRb Vi, 0r Vi,
SSL Vsll SSL Vsl2
SLa2l Veral SLb21 Vera2

MB21 MBa2l (Un) SSL Vsl2 MBb21 (Un) SSL Vsl2
WL_GRa Vi, WL_GRb Vyz,0r Vs
DSL Vsl2 DSL Vsl2
BL Vera2 BL Vera2

MB11 MBall (Un) DSL Vsl2 MBbl11 (Un) DSL Vsl2
WL_GRa Vi, WL_GRb Vyz,0r Vs
SSL Vsl2 SSL Vsl2
SLall Vera2 SLbl1 Vera2
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The second erase voltage Vera2 may be applied to the
source line group SLb21 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,;;, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
approximately half of the first erase voltage Veral, i.e., 9V.
The first turn-on voltage Vsl1 may be 15V. The second turn-
on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2. The second word line voltage
Vyur, may be 9V or the same as the second erase voltage
Vera2. The third word line voltage V;; ; may be 18V or the
same as the first erase voltage Veral.

When the second erase voltage Vera2 is applied to the
source line group SLb21 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. Further, the second or
third word line voltage V;,, , or V. 5 is applied to the second
word line group WL_GRb. In addition, the second erase
voltage Vera2 may be applied to a channel of the second
sub-memory block MBb31. Since the second or third word
line voltage V,,, or V,, , is applied to the second word line
group WL_GRD, there may be a small voltage difference
between the memory cells and the channel. Therefore, the
memory cells of the second sub-memory block MBb31 may
not be erased as a result.

For instance, when the second word line voltage V;,, of
9V is applied to the second word line group WI._GRb,
although a potential of the channel of the second erase voltage
Vera2, applied from the source line group SLa21 and the bit
lines BL, increases to approximately 9V, the memory cells
may not be erased. The memory cells may not be erased since
no voltage difference occurs between the memory cells and
the channel. When the third word line voltage V,; ; of 18V is
applied, and the potential of the channel increases to approxi-
mately 9V by the second erase voltage Vera2 applied from the
source line group SLa2l and the bit lines BL, a voltage
difference of approximately 9V may occur between the
memory cells and the channel as a result. However, the volt-
age difference of approximately 9V may not cause the
memory cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines B and the source
line group SLb21 of the unselected second sub-memory
block MBb31, power consumption may be reduced accord-
ingly.

Unselected (Un) First Sub-Memory Block MBall of
Unselected Memory Block MB11

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V ;| may be applied to the first word
line group WL_GRa.

More specifically, the second erase voltage Vera2 may be
approximately half of the first erase voltage Veral, i.e., 9V.
The second turn-on voltage Vsl2 may be approximately 2V
lower than the second erase voltage Vera2, ori.e. 7V. The first
word line voltage V ;1 may be OV. Here, OV may refer to a
ground voltage or the like.

When the second erase voltage Vera2 is applied to the
source line group SLa21 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. Further, the first word
line voltage V ;| is applied to first word line group WL_GRa,
and the second erase voltage Vera2 may be applied to a
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channel of the first sub-memory block MBal1. Since the first
word line voltage V;; , is applied to the first word line group
WL_GRa, a voltage difference of approximately 9V may
occur between the memory cells and the channel. However,
the voltage difference of approximately 9V may then not
cause the memory cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLall of the unselected first sub-memory
block MBal1l, power consumption may be reduced during the
erase operation as a result.

Unselected (Un) Second Sub-Memory Block MBb11 of
Unselected Memory Block MB11

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,;,, or V,,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, ori.e., 7V. The second word line
voltageV;; , may be 9V which is the same as the second erase
voltage Vera2. The third word line voltage V5, ; may be 18V
or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel as a result. However, the
voltage difference of approximately 9V may not cause the
memory cells to be erased. When the third word line voltage
Vyurzs of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased. Moreover, the memory cells may not be erased even
when the potential of the channel increases to approximately
18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLb11 of the unselected second sub-
memory block MBb11, power consumption may be reduced
during the erase operation accordingly.

Unselected (Un) First Sub-Memory Block MBa21 of
Unselected Memory Block MB21

The first sub-memory block MBa21 of the memory block
MB21 may be configured to share the source line group
SLa21 with the first sub-memory block MBa31 of the
memory block MB31. Since the first erase voltage Veral of
approximately 18V is applied to the source line group SLa21,
the second turn-on voltage VsI2 may be applied to the source
selection lines SSL of the first sub-memory block MBa21 to
not erase the memory cells included in the first sub-memory
block MBa21 of the memory block MB21. The second turn-
on voltage Vsl2 may be half of the first erase voltage Veral,
i.e., or 9V. The second erase voltage Vera2 may be applied to
the bit lines BL. The second turn-on voltage Vsl2 may be
applied to the source selection lines SSL and the drain selec-
tion lines DSL. In addition, the first word line voltage V;;,
may be applied to the first word line group WL_GRa. Even
when the first word line voltage V;;, is 0V, the potential of
the channel of the first sub-memory block MBa2l may
increase only to the second turn-on voltage Vsl2 by the volt-
age applied to the source selection lines SSL.. When the poten-
tial of the channel increases to approximately 9V correspond-
ing to the second turn-on voltage Vsl2, a voltage difference of
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approximately 9V may occur between the channel and the
memory cells as a result. However, the voltage difference of
approximately 9V may nevertheless not cause the memory
cells to be erased.

Unselected (Un) Second Sub-Memory Block MBb21 of
Unselected Memory Block MB21

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,;;, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e., 7V. The second word line
voltage V5, , may be 9V or the same as the second erase
voltage Vera2. The third word line voltage V 5, ; may be 18V
or same as the first erase voltage Veral.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel as a result. However, the
voltage difference of approximately 9V may then not cause
the memory cells to be erased. When the third word line
voltage V ;5 of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased. Further, the memory cells may not be erased even
when the potential of the channel increases to approximately
18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLbll of the unselected second sub-
memory block MBb11, power consumption may be reduced
during the erase operation as a result.

Unselected (Un) First Sub-Memory Block MBa4l of
Unselected Memory Block MB41

The second erase voltage Vera2 may be applied to the
source line group SLa31 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V;,;, may be applied to the first word
line group WL_GRa.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e. 7V. The first word line
voltageV;; , may be 18V or the same as the first erase voltage
Veral. The first word line voltage V,;, 1 may be OV. Here, OV
may refer to a ground voltage or the like.

When the second erase voltage Vera2 is applied to the
source line group SLa31 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. In addition, the first
word line voltage V5, | is applied to the first word line group
WL_GRa. Further, the second erase voltage Vera2 may be
applied to a channel of the first sub-memory block MBa41.
Since the first word line voltage V;;, is applied to the first
word line group WL_GRa, a voltage difference of approxi-
mately 9V may occur between the memory cells and the
channel. However, the voltage difference of approximately
9V may nevertheless not cause the memory cells to be erased.
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Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLall of the unselected first sub-memory
block MBal1l, power consumption may be reduced during the
erase operation accordingly.

Unselected (Un) Second Sub-Memory Block MBb41 of
Unselected Memory Block MB41

The second erase voltage Vera2 may be applied to the
source line group SLb31 and the bit lines BL.. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. Further, the
second or third word line voltage V,;,, or V,,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, ori.e., 7V. The second word line
voltage V,,, may be 9V or the same as the second erase
voltage Vera2. The third word line voltage V5, ; may be 18V
or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel as a result. However, the
voltage difference of approximately 9V may then not cause
the memory cells to be erased. When the third word line
voltage V;; , of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased. Moreover, the memory cells may not be erased even
when the potential of the channel increases to approximately
18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLb11 of the unselected second sub-
memory block MBb11, power consumption may be reduced
during the erase operation as a result.

The remaining unselected memory blocks MB12 to MN44
may be operated in substantially the same manner as those in
first embodiment described above.

As described above, while the erase operation is performed
on the first sub-memory block MBa31 of the selected
memory block MB31, the first word line voltage V;,; , may be
applied in common to the first word line group WI_GRa. The
first word line group WL_GRa may be electrically coupled to
the first sub-memory blocks MBall, MBa21, MBa31 and
MBa41 of the memory blocks stacked in the vertical direction
Z, including the selected memory block MB31. In addition,
the second or third word line voltage V;,, or V., , may be
applied in common to the second word line group WL_GRb
electrically coupled to the second sub-memory blocks
MBb11, MBb21, MBb31 and MBb41.

Since different erase voltages may be applied to the source
line group SLa21 of the first sub-memory block MBa31 and
the source line group SLb21 of the second sub-memory block
MBDb31, a surge in power consumption may be prevented as a
result.

An erase operation according to an embodiment of a semi-
conductor system is described below.
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TABLE 3
MBI11~MB41

SLa31 Vera2 SLb31 Vera2

MB41 MBa4l (Un) SSL Vsl2 MBb41 (Un) SSL Vsl2
WL_GRa Vi, WL_GRb Vi, 0r Vi,
DSL Vsl2 DSL Vsl2
BL Vera2 BL Vera2

MB31 MBa3l (Sel) DSL Vsl2 MBb31 (Un) DSL Vsl2
WL_GRa Vi, WL_GRb Vyz,0r Vs
SSL Vsll SSL Vsl2
SLa2l Veral SLb21 Vera2

MB21 MBa2l (Sel) SSL Vsll MBb21 (Un) SSL Vsl2
WL_GRa Vi, WL_GRb Vyz,0r Vs
DSL Vsl2 DSL Vsl2
BL Vera2 BL Vera2

MB11 MBall (Un) DSL Vsl2 MBbl11 (Un) DSL Vsl2
WL_GRa Vi, WL_GRb Vyz,0r Vs
SSL Vsl2 SSL Vsl2
SLall Vera2 SLbl1 Vera2

When first and second sub-memory blocks of memory
blocks arranged in the vertical direction Z are configured in
the same vertical columns, a method of erasing two sub-
memory blocks stacked in the vertical direction Z. is exempli-
fied with reference to [Table 3]. For instance, sub-memory
blocks that share a source line group or bit lines may be erased
at the same time. A method of simultaneously erasing the first
sub-memory block MBa31 of the memory block MB31 and
the first sub-memory block MBa21 of the memory block
MB21, which share the source line group SLa21 with each
other, will be exemplified with reference to [Table 3].

Selected (Sel) First Sub-Memory Block MBa31 of
Selected Memory Block MB31

The first erase voltage Veral may be applied to the source
line group SLa21. The first turn-on voltage Vsl1 is applied to
the source selection lines SSL. The first word line voltage
V iz, may be applied to the first word line group WL_GRa.
The second turn-on voltage Vs12 may be applied to the drain
selection lines DSL. In addition, the second erase voltage
Vera2 may be applied to the bit lines BL. The bit lines BL. may
include BL11 to BL14 and BL21 to BL2k

More specifically, the first erase voltage Veral may be
approximately 18V. The second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The first
turn-on voltage Vsll may be 15V. The second turn-on voltage
V512 may be lower than the first turn-on voltage Vsll. For
instance, the second turn-on voltage Vsl2 may be approxi-
mately 2V lower than the second erase voltage Vera2. The
first word line voltage V ;1 may be OV. The first word line
voltage V;,;, may be 0V, wherein 0V may refer to a ground
voltage.

When the first erase voltage Veral is applied to the source
line group SLa21, the first turn-on voltage Vsll is applied to
the source selection lines SSL. In addition, the first word line
voltage V ;;, is applied to the first word line group WL_GRa.
Further, the erase voltage may be applied to a channel of the
first sub-memory block MBa31. Since the second turn-on
voltage Vsl2 lower than the second erase voltage Vera2 is
applied to the drain selection lines DSL, and the second erase
voltage Vera2 is applied to the bit lines BL, the drain selection
transistors DST, shown in FIG. 4, may be turned off as a
result. Under these circumstances, if a potential of the chan-
nel increases, the source selection lines SSL. may be floated
accordingly. When the potential of the channel increases to
the first erase voltage Veral, the memory cells of the first
sub-memory block MBa31 may then be erased by a voltage
difference of approximately 18V between the memory cells
and the channel.
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Unselected (Un) Second Sub-Memory Block MBb31 of
Selected Memory Block MB31

The second erase voltage Vera2 may be applied to the
source line group SLb21 and the bit lines BL.. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,,, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The first
turn-on voltage Vsll may be 15V. The second turn-on voltage
Vsl2 may be approximately 2V lower than the second erase
voltage Vera2, or i.e. 7V. The second word line voltage V;; ,
may be 9V or the same as the second erase voltage Vera2. The
third word line voltage V;; ; may be 18V or the same as the
first erase voltage Veral.

When the second erase voltage Vera2 is applied to the
source line group SLb21 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. Further, the second or
third word line voltage V;,; , or V. . is applied to the second
word line group WL_GRb. In addition, the second erase
voltage Vera2 may be applied to a channel of the second
sub-memory block MBb31. Since the second or third word
line voltage V5, , or V5 is applied to the second word line
group WL_GRD, there may be a small voltage difference
between the memory cells and the channel as a result. There-
fore, the memory cells of the second sub-memory block
MBDb31 may not be erased. For example, when the second
word line voltage V., of 9V is applied to the second word
line group WL_GRD, although a potential of the channel of
the second erase voltage Vera2, applied from the source line
group SLa21 and the bit lines BL, increases to approximately
9V, the memory cells may not be erased. Moreover, the
memory cells may not be erased since no voltage difference
occurs between the memory cells and the channel. When the
third word line voltage V ;5 of 18V, and a potential of the
channel increases to approximately 9V by the second erase
voltage Vera2 applied from the source line group SLa21 and
the bit lines BL, a voltage difference of approximately 9V
may occur between the memory cells and the channel. How-
ever, the voltage difference of approximately 9V may never-
theless not cause the memory cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines B and the source
line group SLb21 of the unselected second sub-memory
block MBb31, power consumption may be reduced accord-

ingly.
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Selected (Sel) First Sub-Memory Block MBa2l of
Selected Memory Block MB21

The first sub-memory block MBa21 of the memory block
MB21 and the first sub-memory block MBa31 of the memory
block MB31 may be configured to share the source line group
SLa21. Since the first erase voltage Veral is applied to the
source line group SLa21, the first turn-on voltage Vsll may be
applied to the source selection lines SSL of the first sub-
memory block MBa21 as a result. The second erase voltage
Vera2 may be applied to the bit lines BL. The second turn-on
voltage Vs12 may be applied to the drain selection lines DSL..
In addition, the first word line voltage V;; , may be applied to
the first word line group WL_GRa.

More specifically, the first erase voltage Veral may be
approximately 18V. The second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The first
turn-on voltage Vsl1 may be approximately 15V. The second
turn-on voltage Vsl2 may be lower than the first turn-on
voltage Vsll. For instance, the second turn-on voltage Vsl2
may be approximately 2V lower than the second erase voltage
Vera2. The first word line voltage V;,;, may be OV, wherein
0V may refer to a ground voltage.

When the first erase voltage Veral is applied to the source
line group SLa21, the first turn-on voltage Vsll is applied to
the source selection lines SSL. In addition, the first word line
voltage V5, , is applied to the first word line group WL_GRa.
Further, the erase voltage may be applied to a channel of the
first sub-memory block MBa31. Since the second turn-on
voltage Vsl2 lower than the second erase voltage Vera2 is
applied to the drain selection lines DSL, and the second erase
voltage Vera2 is applied to the bit lines BL, the drain selection
transistors DST, shown in FIG. 4, may be turned off as a
result. If a potential of the channel increases, the source
selection lines SSI may be floated. When the potential of the
channel increases to the first erase voltage Veral, the memory
cells of the first sub-memory block MBa31 may be erased by
a voltage difference of approximately 18V between the
memory cells and the channel accordingly.

Unselected (Un) Second Sub-Memory Block MBb21 of
Selected Memory Block MB21

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,;;, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e., 7V. The second word line
voltage V5, , may be 9V or the same as the second erase
voltage Vera2. The third word line voltage V 5, ; may be 18V
or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;,, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel accordingly. However, the
voltage difference of approximately 9V may nonetheless not
cause the memory cells to be erased. When the third word line
voltage V;; , of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased as such even when the potential of the channel
increases to approximately 18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
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source line group SLb11 of the unselected second sub-
memory block MBb11, power consumption may be reduced
during the erase operation as a result.

Unselected (Un) First Sub-Memory Block MBall of
Unselected Memory Block MB11

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. Further, the first
word line voltage V5, ; may be applied to the first word line
group WL_GRa.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e. 7V. The first word line
voltage V ;1 may be OV, wherein OV may refer to a ground
voltage.

When the second erase voltage Vera2 is applied to the
source line group SLa21 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. In addition, the first
word line voltage V;; | is applied to the first word line group
WL_GRa. Further, the second erase voltage Vera2 may be
applied to a channel of the first sub-memory block MBall.
Since the first word line voltage V;;, is applied to the first
word line group WL_GRa, a voltage difference of approxi-
mately 9V may occur between the memory cells and the
channel as a result. However, the voltage difference of
approximately 9V may nevertheless not cause the memory
cells to be erased.

Since the second erase voltage Vera2 which is lower than
the first erase voltage Veral is applied to the bit lines BL. and
the source line group SLall of the unselected first sub-
memory block MBall, power consumption may be reduced
during the erase operation accordingly.

Unselected (Un) Second Sub-Memory Block MBb11 of
Unselected Memory Block MB11

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. Further, the
second or third word line voltage V,,, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, ori.e., 7V. The second word line
voltage V,, may be 9V or the same as the second erase
voltage Vera2. The third word line voltage V;, ; may be 18V
or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel as a result. However, the
voltage difference of approximately 9V may nonetheless not
cause the memory cells to be erased. When the third word line
voltage V ;5 of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased as a result even when the potential of the channel
increases to approximately 18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLb11 of the unselected second sub-
memory block MBb11, power consumption may be reduced
during the erase operation accordingly.
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Unselected (Un) First Sub-Memory Block MBa4l of
Unselected Memory Block MB41

The second erase voltage Vera2 may be applied to the
source line group SLa31 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V ;| may be applied to the first word
line group WL_GRa.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e. 7V. The first word line
voltageV;; , may be 18V or the same as the first erase voltage
Veral. The first word line voltage V ;1 may be OV in which
0V may refer to a ground voltage.

When the second erase voltage Vera2 may be applied to the
source line group SLa31 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. In addition, the first
word line voltage V5, | is applied to the first word line group
WL_GRa. Further, the second erase voltage Vera2 may be
applied to a channel of the first sub-memory block MBa41.
Since the first word line voltage V| is applied to the first
word line group WL_GRa, a voltage difference of approxi-
mately 9V may occur between the memory cells and the
channel. However, the voltage difference of approximately
9V may nevertheless not cause the memory cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLall of the unselected first sub-memory
block MBal1l, power consumption may be reduced during the
erase operation as a result.

Unselected (Un) Second Sub-Memory Block MBb41 of
Unselected Memory Block MB41

The second erase voltage Vera2 may be applied to the
source line group SLb31 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. Further, the
second or third word line voltage V,;;, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
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For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel as a result. However, the
voltage difference of approximately 9V may nonetheless not
cause the memory cells to be erased. When the third word line
voltage V;; , of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells as a result
may not be erased even when the potential of the channel
increases to approximately 18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLb11 of the unselected second sub-
memory block MBb11, power consumption may be reduced
during the erase operation as a result.

The remaining unselected memory blocks MB12 to MN44
may be operated in a substantially similar manner as those in
the first embodiment as described above.

When an erase operation is performed on the first sub-
memory block MBa31 of the selected memory block MB31
and the first sub-memory block MBa21 of the selected
memory block MB21 simultaneously, the first word line volt-
age V;, may be applied in common to the first word line
group WL_GRa. The first word line group WL._GRa may be
electrically coupled to the first sub-memory blocks MBall,
MBa21, MBa31 and MBa41 of the memory blocks stacked in
the vertical direction Z. In addition, the second or third word
line voltage V5, , or V;,, s may be applied in common to the
second word line group WL_GRb. The second word line
group WL_GRb may be electrically coupled to the second
sub-memory blocks MBb11, MBb21, MBb31 and MBb41.

Since sub-memory blocks that are adjacent in the vertical
direction share a source line group or bit lines, the sub-
memory blocks that share a source line group or bit lines to
which the first erase voltage Veral is applied may be erased
simultaneously. Therefore, power consumption may be
reduced during the erase operation as a result.

An erase operation of a semiconductor system according to
an embodiment is described below.

TABLE 4
MBI11~MB41

SLa31 Vera2 SLb31 Vera2

MB41  MBa4l (Un) SSL Vsl2 MBb41 (Un) SSL Vsl2
WL_GRa Vi, WL_GRb Vi, 0r Vi,
DSL Vsl2 DSL Vsl2
BL Vera2 BL Vera2

MB31 MBa3l (Sel) DSL Vsl2 MBb31 (Un) DSL Vsl2
WL_GRa Vi, WL_GRb Vi, 0r Vi,
SSL Vsll SSL Vsl2
SLa2l Veral SLb21 Vera2

MB21  MBa2l (Un) SSL Vsl2 MBb21 (Un) SSL Vsl2
WL_GRa Vi, WL_GRb Vi, 0r Vi,
DSL Vsl2 DSL Vsl2
BL Vera2 BL Vera2

MB11 MBall (Sel) DSL Vsl2 MBbl11 (Un) DSL Vsl2
WL_GRa Vi, WL_GRb Vyz,0r Vs
SSL Vsll SSL Vsl2
SLall Veral SLbl1 Vera2

turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e., 7V. The second word line

When first and second sub-memory blocks of memory
blocks arranged in the vertical direction Z are configured in

voltage V5, , may be 9V or the same as the second erase 65 the same vertical columns, a method of erasing two sub-

voltage Vera2. The third word line voltage V 5, ; may be 18V
or the same as the first erase voltage Veral.

memory blocks stacked in the vertical direction Z. is exempli-
fied with reference to [Table 4]. For instance, sub-memory
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blocks that share a source line group or bit lines may be erased
simultaneously. A method of simultaneously erasing the first
sub-memory block MBa31 of the memory block MB31 and
the first sub-memory block MBa21 of the memory block
MB21 that share the source line group SLa21 with each other
will be exemplified with reference to [Table 4].

Selected (Sel) First Sub-Memory Block MBall of
Selected Memory Block MB11

The first erase voltage Veral may be applied to the source
line group SLall. The first turn-on voltage Vsll may be
applied to the source selection lines SSL. The first word line
voltage V,;, may be applied to the first word line group
WL_GRa. The second turn-on voltage Vs12 may be applied to
the drain selection lines DSL. In addition, the second erase
voltage Vera2 may be applied to the bit lines BL. The bit lines
BL may include BL.11 to BL1% and BL21 to BL.2%

More specifically, the first erase voltage Veral may be
approximately 18V. The second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The first
turn-on voltage Vsl1 may be approximately 15V. The second
turn-on voltage Vsl2 may be lower than the first turn-on
voltage Vsll. For instance, the second turn-on voltage Vsl2
may be approximately 2V lower than the second erase voltage
Vera2. The first word line voltage V;,;, may be OV wherein
0V may refer to a ground voltage.

When the first erase voltage Veral is applied to the source
line group SLall, the first turn-on voltage Vsl1 is applied to
the source selection lines SSL. In addition, the first word line
voltage V5, , is applied to the first word line group WL_GRa.
Further, the erase voltage may be applied to a channel of the
first sub-memory block MBall. Since the second turn-on
voltage Vsl2 lower than the second erase voltage Vera2 is
applied to the drain selection lines DSL, and the second erase
voltage Vera2 is applied to the bit lines BL, the drain selection
transistors DST, shown in FIG. 4, may be turned off as a
result. If a potential of the channel increases, the source
selection lines SSI may be floated. When the potential of the
channel increases to the first erase voltage Veral, the memory
cells of the first sub-memory block MBal1l may be erased by
a voltage difference of approximately 18V between the
memory cells and the channel accordingly.

Selected (Sel) First Sub-Memory Block MBa31 of
Selected Memory Block MB31

When the first erase voltage Veral is applied to the source
line group SLa21, the first turn-on voltage Vsll is applied to
the source selection lines SSL. In addition, the first word line
voltage V,;, may be applied to the first word line group
WL_GRa. The second turn-on voltage Vsl2 may also be
applied to the drain selection lines DSL. Further, the second
erase voltage Vera2 may be applied to the bit lines BL. The bit
lines BL. may include BL.11 to BL.1% and BL.21 to BL.2%

More specifically, the first erase voltage Veral may be
approximately 18V. The second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The first
turn-on voltage Vsl1 may be approximately 15V. The second
turn-on voltage Vsl2 may be lower than the first turn-on
voltage Vsll. For instance, the second turn-on voltage Vsl2
may be approximately 2V lower than the second erase voltage
Vera2. The first word line voltage V ;1 may be approxi-
mately OV. The first word line voltage V,;, may be 0V,
wherein OV may refer to a ground voltage.

When the first erase voltage Veral is applied to the source
line group SLa21, the first turn-on voltage Vsll is applied to
the source selection lines SSL. Further, the first word line
voltage V5, , is applied to the first word line group WL_GRa.
In addition, the erase voltage may be applied to a channel of
the first sub-memory block MBa31. Since the second turn-on
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voltage Vsl2 lower than the second erase voltage Vera2 is
applied to the drain selection lines DSL, and the second erase
voltage Vera2 is applied to the bit lines BL, the drain selection
transistors DST, shown in FIG. 4, may be turned off as a
result. If a potential of the channel increases, the source
selection lines SSI. may be floated. When the potential of the
channel increases to the first erase voltage Veral, the memory
cells of the first sub-memory block MBa31 may be erased as
a result by a voltage difference of approximately 18V
between the memory cells and the channel.

Unselected (Un) Second Sub-Memory Block MBb11 of
Selected Memory Block MB11

The second erase voltage Vera2 may be applied to the
source line group SLall and the bit lines BL, the second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL. In addition, the drain selection lines DSL and the
second or third word line voltage V,,, or V,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, ori.e., 7V. The second word line
voltage V,, may be 9V or the same as the second erase
voltage Vera2. The third word line voltage V5, ; may be 18V
or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur as a result
between the memory cells and the channel. However, the
voltage difference of approximately 9V may nonetheless not
cause the memory cells to be erased. When the third word line
voltage V ;5 of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased as a result even when the potential of the channel
increases to approximately 18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLb11 of the unselected second sub-
memory block MBb11, power consumption may be reduced
during the erase operation accordingly.

Unselected (Un) Second Sub-Memory Block MBb31 of
Selected Memory Block MB31

The second erase voltage Vera2 may be applied to the
source line group SLa21 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,;,, or V,,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, ori.e., 7V. The second word line
voltage V,,, may be 9V or the same as the second erase
voltage Vera2. The third word line voltage V5, ; may be 18V
or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;;, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur as a result
between the memory cells and the channel. However, the
voltage difference of approximately 9V may nevertheless not
cause the memory cells to be erased. When the third word line
voltage V ;5 of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
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memory cells and the channel, the memory cells may not be
erased even when the potential of the channel increases to
approximately 18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines B and the source
line group SLb21 of the unselected second sub-memory
block MBb31, power consumption may be reduced during
the erase operation as a result.

Unselected (Un) First Sub-Memory Block MBa21 of
Unselected Memory Block MB21

The second erase voltage Vera2 may be applied to the
source line group SLa21 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V;,;, may be applied to the first word
line group WL_GRa.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e. 7V. The first word line
voltage V ;1 may be 0V, wherein OV may refer to a ground
voltage.

When the second erase voltage Vera2 is applied to the
source line group SLa21 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. In addition, the first
word line voltage V5, | is applied to the first word line group
WL_GRa. The second erase voltage Vera2 may also be
applied to a channel of the first sub-memory block MBa21.
Since the first word line voltage V| is applied to the first
word line group WL_GRa, a voltage difference of approxi-
mately 9V may occur between the memory cells and the
channel as a result. However, the voltage difference of
approximately 9V may nonetheless not cause the memory
cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the source line group SLa21
and the bit lines BL. of the unselected first sub-memory block
MBa21, power consumption may be reduced during the erase
operation accordingly.

Unselected (Un) Second Sub-Memory Block MBb21 of
Unselected Memory Block MB21

The second erase voltage Vera2 may be applied to the
source line group SLb21 and the bit lines BL. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. Further, the
second or third word line voltage V,;, or V,,,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e., 7V. The second word line
voltage V5, , may be 9V or the same as the second erase
voltage Vera2. The third word line voltage V;,, ; may be 18V
or the same as the first erase voltage Veral.

For instance, when the second word line voltage V;,, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur between
the memory cells and the channel as a result. However, the
voltage difference of approximately 9V may nonetheless not
cause the memory cells to be erased. When the third word line
voltage V;; , of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased even when the potential of the channel increases to
approximately 18V.
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Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLb11 of the unselected second sub-
memory block MBb21, power consumption may as a result
be reduced during the erase operation.

Unselected (Un) First Sub-Memory Block MBa41l of
Unselected Memory Block MB41

The second erase voltage Vera2 may be applied to the
source line group SLa31 and the bit lines BL, the second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
first word line voltage V;,; , may be applied to the first word
line group WL_GRa.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, or i.e. 7V. The first word line
voltageV;; , may be 18V or the same as the first erase voltage
Veral. The first word line voltage V5,1 may be OV wherein
0V may refer to a ground voltage.

When the second erase voltage Vera2 is applied to the
source line group SLa21 and the bit lines BL, the second
turn-on voltage Vsl2 is applied to the source selection lines
SSL and the drain selection lines DSL. In addition, the first
word line voltage V;; | is applied to the first word line group
WL_GRa. The second erase voltage Vera2 may also be
applied to a channel of the first sub-memory block MBa31.
Since the first word line voltage V| is applied to the first
word line group WL_GRa, a voltage difference of approxi-
mately 9V may occur between the memory cells and the
channel as a result. However, the voltage difference of
approximately 9V may nevertheless not cause the memory
cells to be erased.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
source line group SLa31 of the unselected first sub-memory
block MBadl, power consumption may accordingly be
reduced during the erase operation.

Unselected (Un) Second Sub-Memory Block MBb41 of
Unselected Memory Block MB41

The second erase voltage Vera2 may be applied to the
source line group SLb31 and the bit lines BL.. The second
turn-on voltage Vsl2 may be applied to the source selection
lines SSL and the drain selection lines DSL. In addition, the
second or third word line voltage V,;,, or V,,; may be
applied to the second word line group WL_GRb.

More specifically, the second erase voltage Vera2 may be
half of the first erase voltage Veral, or i.e., 9V. The second
turn-on voltage Vsl2 may be approximately 2V lower than the
second erase voltage Vera2, ori.e., 7V. The second word line
voltage V,, may be 9V or the same as the second erase
voltage Vera2. The third word line voltage V5, ; may be 18V
or the same as the first erase voltage Veral.

For instance, when the second word line voltage V,,, of
9V is applied to the second word line group WL._GRb, and the
potential of the channel increases to approximately 18V, a
voltage difference of approximately 9V may occur as a result
between the memory cells and the channel. However, the
voltage difference of approximately 9V may still not cause
the memory cells to be erased. When the third word line
voltage V;; , of 18V is applied to the second word line group
WL_GRD, since no voltage difference occurs between the
memory cells and the channel, the memory cells may not be
erased even when the potential of the channel increases to
approximately 18V.

Since the second erase voltage Vera2 lower than the first
erase voltage Veral is applied to the bit lines BL and the
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source line group SLb31 of the unselected second sub-
memory block MBb41, power consumption may be reduced
during the erase operation as a result.

The remaining unselected memory blocks MB12 to MN44
may be operated in substantially a similar manner as those in
the first embodiment as described above.

As described above, although sub-memory blocks do not
share a source line group or bit lines with each other, by
erasing a plurality of sub-memory blocks simultaneously, a
time for an erase operation may be reduced. In addition,
power consumption may be reduced during the erase opera-
tion.

Referring to FIG. 8, a system 2000 may include one or
more processors 2100. The processor 2100 may be used indi-
vidually or in combination with other processors. A chipset
2150 may be electrically coupled to the processor 2100. The
chipset 2150 is a communication pathway for signals
between the processor 2100 and other components of the
system 2000. Other components of the system 2000 may
include a memory controller 2200, an input/output (“I1/0”)
bus 2250, and a disk drive controller 2300. Depending on the
configuration of the system 2000, any one of a number of
different signals may be transmitted through the chipset 2150.

The memory controller 2200 may be operably coupled to
the chipset 2150. The memory controller 2200 can receive a
request provided from the processor 2100 through the chipset
2150. The memory controller 2200 may be electrically
coupled to one or more memory devices 2350. The memory
device 2350 may include the semiconductor system 1000
described above.

The chipset 2150 may also be electrically coupled to the
1/0 bus 2250. The 1/0 bus 2250 may serve as a communica-
tion pathway for signals from the chipset 2150 to I/O devices
2410, 2420 and 2430. The I/O devices 2410, 2420 and 2430
may include a mouse 2410, a video display 2420, or a key-
board 2430. The 1/O bus 2250 may employ any one of a
number of communications protocols to communicate with
the 1/0 devices 2410, 2420, and 2430.

The disk drive controller 2300 may also be electrically
coupled to the chipset 2150. The disk drive controller 2300
may serve as the communication pathway between the
chipset 2150 and one or more internal disk drives 2450. The
disk drive controller 2300 and the internal disk drives 2450
may communicate with each other or with the chipset 2150
using virtually any type of communication protocol.

As described above, various embodiments have been dis-
closed in the figures and the specification. The specific terms
used herein are for purposes of illustration, and do not limit
the scope of the invention defined in the claims. Accordingly,
those skilled in the art will appreciate that various modifica-
tions and other equivalent examples may be made without
departing from the scope and spirit of the disclosure. There-
fore, the scope of the invention will be defined by the accom-
panying claims.

What is claimed is:

1. A semiconductor system, comprising:

a data storage unit including memory blocks, a circuit
group and a control circuit, wherein the memory blocks
store data therein and are arranged in a longitudinal
direction and a vertical direction, the circuit group is
suitable for performing a program, read or erase opera-
tion on the memory blocks, and the control circuit con-
trols the circuit group; and

a memory control unit suitable for controlling the data
storage unit,

wherein each of the memory blocks include a plurality of
sub-memory blocks,
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wherein the sub-memory blocks arranged in the longi-
tudinal direction share bit lines and do not share word
lines and source lines, and

the sub-memory blocks arranged in the vertical direction
share the bit lines or the source lines.

2. The semiconductor system of claim 1, wherein word
lines of some of the sub-memory blocks arranged in the
vertical direction, are coupled in common to a first word line
group, and word lines of other sub-memory blocks are
coupled in common to a second word line group.

3. The semiconductor system of claim 2, wherein the sub-
memory blocks coupled to the first word line group and the
sub-memory blocks coupled to the second word line group
are stacked in vertical columns or in zigzag patterns.

4. The semiconductor system of claim 1, wherein the cir-
cuit group comprises:

avoltage generator suitable for generating voltages includ-
ing various levels in response to an operation signal;

a row decoder suitable for transferring the voltages gener-
ated by the voltage generator to a selected memory block
in response to a row address;

a column decoder suitable for exchanging data with the
selected memory block in response to a column address;
and

an input/output circuit suitable for transferring data, input
from exterior, to the column decoder or data, input from
the column decoder, to the control circuit or the exterior.

5. A method of operating a semiconductor system, the
method comprising:

during an erase operation of the semiconductor system
including memory blocks arranged in a longitudinal
direction and a vertical direction and including first sub-
memory blocks and second sub-memory blocks,

increasing a voltage difference between a channel and
memory cells ofthe first sub-memory block ofa selected
memory block to erase the memory cells included in the
first sub-memory block of the selected memory block;
and

reducing a voltage difference between a channel and
memory cells of the second sub-memory block of the
selected memory block when the memory cells of the
first sub-memory block are erased to not erase the
memory cells included in the second sub-memory block
of the selected memory.

6. The method of claim 5, wherein to erase the memory
cells included in the first sub-memory block of the selected
memory block, a first erase voltage is applied to a source line
group coupled to the first sub-memory block of the selected
memory block, a first turn-on voltage is applied to a source
selection line, a first word line voltage is applied to word lines,
and a second turn-on voltage lower than the first turn-on
voltage is applied to a drain selection line, and a second erase
voltage lower than the first erase voltage is applied to bit lines.

7. The method of claim 6, wherein the second erase voltage
is applied to a source line group coupled to the second sub-
memory block of the selected memory block, the second
turn-on voltage is applied to a source selection line, a second
or third word line voltage higher than the first word line
voltage is applied to word lines, the second turn-on voltage is
applied to a drain selection line, and the second erase voltage
is applied to bit lines to not erase the memory cells included
in the second sub-memory block of the selected memory
block when the memory cells of the first sub-memory block
are erased.

8. The method of claim 6, wherein when the first sub-
memory blocks and the second sub-memory blocks of differ-
ent memory blocks, stacked in the vertical direction, are
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stacked in zigzag patterns, the first turn-on voltage is applied
to a source selection line coupled to the second sub-memory
block of a neighboring memory block sharing the source line
group of the first sub-memory block included in the selected
memory block, a second or third word line voltage is applied
to word lines, the second turn-on voltage is applied to a drain
selection line, and the second erase voltage is applied to bit
lines to not erase memory cells included in the second sub-
memory block of the neighboring memory block.

9. The method of claim 8, wherein to not erase memory
cells included in the first sub-memory blocks of remaining
memory blocks, except the selected memory block, among
the selected memory block and the memory blocks stacked in
the vertical direction,

the second erase voltage is applied to bit lines and source

line groups coupled to the first sub-memory blocks of
the remaining memory blocks, a second turn-on voltage
is applied to source selection lines, the second or the
third word line voltage is applied to word lines, and the
second turn-on voltage is applied to a drain selection
line.

10. The method of claim 8, wherein to not erase memory
cells included in the second sub-memory blocks of remaining
memory blocks, except the second sub-memory block of the
selected memory block and the neighboring memory block,
among the selected memory block and the memory blocks
stacked in the vertical direction,

the second erase voltage is applied to source line groups

and bit lines coupled to the second sub-memory blocks
of the remaining memory blocks, the second turn-on
voltage is applied to source selection lines, the second or
third word line voltage is applied to word lines, and the
second turn-on voltage is applied to a drain selection
line.

11. The method of claim 6, wherein to not erase memory
cells included in the first sub-memory block of a neighboring
memory block sharing the source line group of the first sub-
memory block included in the selected memory block when
the first sub-memory blocks of different memory blocks
stacked in the vertical direction are stacked on each other, and
the second sub-memory blocks of the different memory
blocks, stacked in the vertical direction, are stacked on each
other,

the second turn-on voltage is applied to a source selection

line coupled to the first sub-memory block of the neigh-
boring memory block, the first word line voltage is
applied to word lines, the second turn-on voltage is
applied to a drain selection line, and the second erase
voltage is applied to bit lines.

12. The method of claim 11, wherein to not remove
memory cells included in the first and second sub-memory
blocks of remaining memory blocks, except the first sub-
memory blocks of the selected memory block and the neigh-
boring memory block, the second erase voltage is applied to
bit lines and source line groups coupled to the first and second
sub-memory blocks of the remaining memory blocks, the
second turn-on voltage is applied to source selection lines, the
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first word line voltage is applied to word lines, and the second
turn-on voltage is applied to a drain selection line.

13. The method of claim 11, wherein the first turn-on
voltage is applied to source selection lines coupled to the first
sub-memory block ofthe neighboring memory block, the first
word line voltage is applied to word lines, the second turn-on
voltage is applied to drain selection lines, and the second
erase voltage is applied to bit lines to erase the memory cells
included in the first sub-memory block of the neighboring
memory block when the neighboring memory block sharing
the source line group of the first sub-memory block, included
in the selected memory block, is further selected during the
erase operation.

14. The method of claim 11, wherein when another
memory block, not sharing the source line group and the bit
lines with the first sub-memory block included in the selected
memory block, among the selected memory block and the
memory blocks stacked in the vertical direction, is further
selected during the erase operation, the first turn-on voltage is
applied to source selection lines coupled to the first sub-
memory block of another memory block, the first word line
voltage is applied to word lines, the second turn-on voltage is
applied to drain selection lines, and the second erase voltage
is applied to bit lines in order to erase memory cells included
in the first sub-memory block of another memory block.

15. The method of claim 6, wherein the first erase voltage
is 18V, the second erase voltage is 9V, the first turn-on voltage
is 15V, the second turn-on voltage is 7V, and the first word line
voltage is OV.

16. The method of claim 7, wherein the second word line
voltage is 9V, and the third word line voltage is 18V.

17. A semiconductor system, comprising:

a plurality of memory blocks configured to store data and
be arranged in a longitudinal direction and a vertical
direction,

wherein each of the plurality of memory blocks include a
plurality of sub-memory blocks in which the plurality of
sub-memory blocks configured in the longitudinal
direction share bit lines and do not share word lines and
source lines and the plurality of sub-memory blocks
configured in the vertical direction share bit lines or
source lines; and

amemory control unit configured to control the plurality of
memory blocks.

18. The semiconductor system of claim 17, wherein difter-
ent voltages are applied to a first source line group and a
second source line group.

19. The semiconductor system of claim 17, wherein difter-
ent voltages are applied to afirst word line group and a second
word line group.

20. The semiconductor system of claim 17, wherein during
an erase operation, different voltages are applied are applied
to a first word line group and a second line group in which the
first word line group is electrically coupled to first sub-
memory blocks and the second word line group is electrically
coupled to second sub-memory blocks.
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